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Abstract 
In this paper, results of an analysis to assess the potential of concentrating solar thermal power applications in Canada are 
presented. First, a direct normal solar resource (DNI) resource map for Canada is introduced. This map indicates the locations 
where the DNI is the highest in Canada and is derived from the most recent Perez’s SUNY satellite-based solar resource model 
Version number 3. Second, the methodology and results of a GIS analysis to identify the locations of the most suitable lands for 
concentrating solar thermal power (CSP) applications in Canada are discussed.   The total areas of the CSP-suitable lands are 
presented in a tabulated and a map formats for each of the Canadian provinces where there is a maximum DNI solar resource. 
Third and finally, results of a technical economical analysis for two CSP system designs are discussed. The two CSP systems 
considered include parabolic trough with synthetic oil heat transfer fluid with and without storage, molten salt power tower with 
and without storage.   
 
© 2013 The Authors.  Published by Elsevier Ltd. 
Selection and peer review by the scientific conference committee of SolarPACES 2013 under responsibility of PSE AG. 
 Keywords: Solar Resource, Concentrating Solar Power, Geographic Information Systems, Technical and Econmical Assesment 
 
1. Introduction 
On September 2012, the Canadian Federal Government issued the final version of regulations aimed at reducing 
carbon dioxide emissions from coal-fired electricity generating units.  Current low natural gas prices together with 
these carbon emission regulations have eliminated the possibility of any new coal fired generating capacity being 
built in Canada for the foreseeable future.  Alberta and Saskatchewan have adequate solar resources as will be 
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discussed below in this paper. The government analysis of the impact of this new regulations will result in a 
retirement of coal-fired generation capacity of about 8,127 MW in these two provinces in addition to the business as 
usual scenario retirement of about 5,860 MW for a total reduced coal-fired generation capacity by the year of 2035 
of about 14,000 MW.   At the same time natural gas capacity-fired generation capacity is expected to increase by 
close to 11,000 MW. Industry and stakeholders will be looking for opportunities and solutions to ensure sustainable 
development of this anticipated future natural gas generation capacity including improving systems efficiencies and 
the use of renewable technologies such as integrated solar combined cycle power generation to limit greenhouse gas 
emissions.  
Literature data on concentrating solar thermal power (CSP) is extremely rich. Almost all of this literature deals 
with CSP applications in the sun-belt countries, e.g., south-west USA, southern Europe (Spain) and North Africa.  
On the other hand, literature relevant to CSP applications in high-latitude geographical locations such as Canada is 
very poor (non existent).  No studies have been done on locating or potential efficacy of applications of large-scale 
CSP electricity production in Canada.  Natural Resources Canada (NRCan)  and the City of Medicine Hat completed 
in 2007 a study to assess the feasibility of solar-augment the City’s existing natural gas combined cycle (NGCC) 
power plant using CSP. The City of Medicine Hat has secured funding in order to proceed with the construction and 
monitoring of a megawatt class Parabolic Trough integrated solar combined cycle pilot project with commissioning 
planned for end of this calendar year 2013. This will be the first CSP-assisted power plant in Canada and the first 
CSP plant in the world located at such a high latitude.  
NRCan is currently undertaking a study which will allow public domain, high-quality analysis data and 
information relevant to Canadian weather and market reality to be generated, for the first time. This study is aimed 
at assessing the solar-augment and GHG emission reductions potential of NGCC power plants located in these two 
provinces, Alberta and Saskatchewan. The first task of this study is to characterize the technical and economical 
potential of CSP applications under Canadian skies and to identify and map the location the most suitable for CSP 
applications in Canada.  In this paper, results of a solar and land resource GIS analysis to locate and estimate the 
suitable lands for CSP application are discussed first. After, results of an initial technical economical analysis to 
estimate the levelised cost of CSP electricity generation in Canada are summarized and discussed.  
2. Solar and land resources assessment 
2.1. Solar resource analysis 
The solar resource analysis was completed using a dataset of fourteen-year (1998-2011) yearly-averaged satellite-
derived DNI (Direct Normal Irradiance) solar resource data for each 1/10th of a degree (~10km2 grid) for the 
Canadian landmass south of 58 degrees latitude. This DNI dataset was produced using the latest version (Version 
number 3) of Perez’s State University of New York (SUNY) GOES satellite-based solar model (Perez et al 2010 [1] 
and Dise et al 2013 [2]. This latest SUNY model makes use of both visible and infra-red channels satellite imagery 
and is meant to correct for the winter bias that is experienced when using previous versions 1 and 2 of the SUNY 
model, in particular during snow conditions and persistent cloud cover. This issue with the previous SUNY models 
is so-called “Eugene syndrome” and is discussed by Gueymard and Wilcox (2009) [3]. Assessment and comparison 
of Version 3 of the SUNY satellite-derived solar data with Canadian ground measured solar data is discussed in 
Djebbar et al 2012 [4].   
A map of a fourteen year –averaged yearly sums of the DNI is presented in below Figure 1. The regions with the 
highest DNI are located south of the Prairie Provinces Alberta, Saskatchewan and Manitoba.  
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Fig. 1. Direct Normal Irradiation for Canada south of 58º Latitude 
2.2. Land resource data and GIS analysis 
A GIS (geographical information system) assessment methodology to determine areas of suitable land for CSP 
electricity generation was developed. First, GIS assessment was done using fourteen-year-averaged (1998-2011) 
yearly sums of direct normal solar irradiances (DNI) values covering the area south of the 58th parallel in Canada. 
Lands where DNI values are below a minimum threshold of 1500 kWh/m2/Year are excluded. The minimum DNI 
threshold of 1500 kWh/m2/Year is same as is used by Bravo et al (2007) [5] to estimate the CSP potential for Spain 
and is also equivalent to the mimmum threshold (1460 kWh/m2/Year) used by Turchi et al (2011) [6] to estimate the 
solar-augment potential of US Fossil-fired power plants. The locations where the DNI is greater than this minimum 
threshold are indicated in color in Figure 1.  
In the second step, exclusion masks were generated from geospatial data from NRCan’s Mapping Information 
Branch and from NASA. The following geomorphologic exclusion masks were used on the data:  
 An exclusion mask for moisture regions generated from the GeoBase National Hydro Network in order to 
remove the polygons of major lakes and rivers;  
 An exclusion mask for wetlands generated from GeoBase soil cover data (eg., wetlands along Hudson Bay);  
 An exclusion mask for urban agglomerations generated from CanVec data;  
 An exclusion mask for steep inclines in Canada (higher than 4%) generated from NASA Shuttle Radar 
Topography Mission (SRTM) elevation data. A parametric analysis for three additional maximum slopes (1%, 
2% and 3%) was also performed knowing that low terrain-slope translates in lower construction costs. 
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Slope data is generated from the SRTM3 data and calculations are done using the horn’s formula for slope 
calculation. At the end of the processing, raster files (geotiff) are produced with the same grid size and extent as the 
SRTM and pixels values are set to the slope percentage. SRTM3 is an elevation dataset that has coverage across 
Canada below 60 degrees latitude. It has a resolution of 3 arc seconds, about 90 meters, at the equator and is 
distributed in a 5X5 degree mosaic. This SRTM version is based on CGIAR (http://srtm.csi.cgiar.org/) and was post-
processed to reduce the number of no-data regions over waterbodies and heavy shadow. The absolute vertical 
accuracy of original data (SRTM1) is evaluated to 5.5 meters with LIDAR high precision satellite data originating 
from the ICESat program. This accuracy reflects the average accuracy over the whole SRTM datasets covering 
Canada with a confidence level of 90%. Furthermore, according to the literature and internal tests, the absolute 
horizontal accuracy of the original data (SRTM1) is about 15 meters. This accuracy is presented as the circular error 
at 90% confidence. 
The final geomorphologic mask is a combination of all created masks, see Figure 2. As all masks (raster files) 
have their pixels aligned with the SRTM grid and they are simply multiplied to generate a complete mask. Four 
combined masks are produced (using the different slope masks:  1%, 2%, 3% and 4%). Each of the 4 combined 
raster masks are applied to the DNI raster data.  A combined mask and DNI raster have their pixels aligned and can 
be simply « multiplied » to generate a potential CSP land suitability map in raster format.  The end result is a raster 
file with each pixel value set to either the DNI value for suitable land or « no data value » if it is unsuitable land as 
illustrated on Figure 3. 
 
 
 
Fig. 2. Land Geomorphology mask combination 
 
 
Fig. 3. (a) DNI raster data; (b) Land geomorphology mask raster data; (c) Resulting potential CSP map in raster format. 
2.3. Results and discussions  
A series of raster slope masks to exclude areas above a given maximum percent slope of 1, 2, 3 and 4% were 
generated from the produced slope raster files. This allowed to calculate the area of the CSP suitable land (in square 
km) by province and for Canada and classified by DNI value range. While the slope algorithm evaluator applied is 
based on a highly accurate and published methodology, the slope estimates are limited by the accuracy of the source 
X = 
X X X = 
Slope mask Mask 
bi ti
Waterbody mask Built-up mask Wetland mask 
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data. In fact, the relative error (between pixels) may affect the slope calculation. In this case, there is a lack of 
information on the vertical relative accuracy.  The effect of the relative vertical accuracy will be higher when 
considering small slope values, i.e., less than 1 %. To improve confidence levels in the results (mainly for slopes 
less than 1%) additional investigation into related published studies is needed on vertical relative accuracy 
evaluation. For slopes less than 1%, these accuracy limitations should be taken into consideration. Total suitable 
lands based on the criteria used in this study were estimated for each of the provinces where there is sufficient DNI 
(greater than 1500 kWh/m2/year). Results for the example of 4% maximum slope terrains are summarized in 
Table 1.  
GIS analysis allowed identifying a total land area of about 417,000 km2 when considering land with a maximum 
slope of 4%. A total of about 130,000 km2 were identified when considering a premium lands with a slope of less 
than 1%, see Figure 4. 
In order to estimate the technical potential of CSP under Canadian skies, a simple approach based on         
Trieb et al (2009) [7] methodology was applied in this study. Considering a well proven conventional parabolic 
trough CSP technology with a conservative solar-to-electric efficiency of 11% (annual net power generation/annual 
DNI on aperture) and a land use factor of 35% (aperture area of reflector/total land area required) the net power 
generation was estimated for several DNI classes greater than 1500 kWh/m2/Year. Results are summarized in 
Table 2.   
 
Table 1. Areas of suitable land in km2 for CSP generation in Canadian Provinces classified by DNI for the example maximum 
slope less than 4%  
DNI Class 
(kWh/m2/Year) 
British Columbia Alberta Saskatchewan Manitoba Ontario Canada 
[km2] 
1500-1600 532 51,832 79,357 48,038 809 180,567 
1600-1700 210 47,725 95,466 7,552 - 150,953 
1700-1800 - 38,170 40,185 - - 78,355 
1800-1900 - 6,750 960 - - 7,710 
Total [km2] 742 144,476 215,969 55,590 809 417,586 
Table 2. Technical CSP Potential in GW. h/Year in the Canadian Provinces classified by DNI considering lands with slope less than 4% 
DNI Class 
(kWh/m2/Year) 
British Columbia Alberta Saskatchewan Manitoba Ontario Total Provinces  
[GW. h/Year] 
1500-1600 31,742 3,093,048 4,735,610 2,866,668 48,295 10,775,363 
1600-1700 13,350 3,031,725 6,064,488 479,724 - 9,589,287 
1700-1800 - 2,571,704 2,707,494 - - 5,279,198 
1800-1900 - 480,739 68,401 - - 549,140 
Total [GW. h/Year] 45,093 9,177,215 13,575,993 3,346,392 48,295 26,192,988 
       
Total Electricity Generated in 2007 
[GW. h/Year] 
71,833 67,432 20,574 34,403 158,234 352,477 
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Fig. 4. Maps of CSP suitable land south of Alberta, Saskatchewan, and Monitoba Provinces (a) 4% slope, (b) 1% slope 
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The analysis yields a total CSP potential for Canada of about 26,190 TWh/Year considering lands with slope less 
than 4%. Considering lands with slope less than 1% results in a potential of about 8,265 TWh/Year. By comparing 
these numbers to the Canadians electricity generation for domestic use of 573 TWh/Year (2007) it becomes apparent 
the available technical CSP potential could theoretically cover this demand many times, i.e., over 45 times when 
considering lands with slope less than 4%. The greatest potential being located mainly in Saskatchewan, followed by 
Alberta, Manitoba. In Saskatchewan, the estimated technical potential of CSP of 13,575 TWh/Year is equivalent to 
about 660 times the total yearly electricity generated in 2007 in that province (20.5 TWh). In Alberta, the CSP 
potential of 9,177 TWh/Year is equivalent to 136 times the 67 TWh that what was generated in 2007. Both Alberta 
and Saskatchewan heavily depend on fossil fuels, mainly coal and natural gas, for electricity generation. Solar power 
including CSP may play a role in the future to displace some of this dependence and lower the GHG emissions from 
the power generation sector. 
3. Economical analysis 
The technical and economic performance of two CSP system designs were analyzed considering the weather data 
of Medicine Hat located south east of Alberta (see Figure 1). The US Department Of Energy (DOE) - National 
Renewable Energy Laboratory (NREL) System Advisor Model (SAM) analysis tool was used to estimate the 
levelised cost of electricity (LCOE) for these five utility-scale CSP technologies and systems. The SAM tool is 
freely downloadable from the NREL web site. A Typical DNI meteorological Year (TDY) for the City of Medicine 
Hat was established and used. SUNY V3 satellite-derived hourly solar resource data is used in this TDY yielding a 
yearly DNI of about 1750 kWh/m2/year. The remaining required weather input data for building the TDY are 
derived from Environment Canada nearby ground observations.  
The two CSP technologies considered are the default system designs available in SAM (Version no. Jan 15, 2013) 
and include (i) parabolic trough collectors with synthetic oil heat transfer fluid with and without two-tanks indirect 
molten salt storage; (ii) molten salt heat transfer fluid power tower system with and without two-tanks direct molten 
salt storage. For the purpose of a first analysis for comparing the two solar power systems, same financial 
assumptions were considered for both types solar power systems. They are summarized in Table 3. 
Table 3. Financial common assumptions used in all SAM Analysis 
Location Medicine Hat Loan Rate (%) 7 
Analysis period (years) 25 Loan Term (years) 20 
Inflation rate (%) 2.5 Debt Fraction (%) 65 
Real Discount Rate (%) 8 Up-front fee (% of principal) SAM Default 
Federal Income Tax (%) 5 Federal / Provincial Depreciation  SAM Default 
Provincial Tax (%) 0 Federal / Provincial Cash Incentives 0 
Sales Tax (%) 0 Minimum Required Internal Rate of Return 
(%) 
SAM Default (15%) 
Federal Tax credit (%) 0 Minimum Debt Service Coverage Ratio 
(%) 
65 
Provincial Tax Credit (%) 0 Months prior to Construction SAM Default 
Property Tax (%) SAM Default  Contingency on direct costs SAM Default 
Operation and Maintenance Costs SAM Default  Indirect Capital Costs (% of direct cost) SAM Default 
 
The capital, operation and maintenance costs input data are updated by NREL following each release of a new 
version of SAM and so the latest version of SAM (Version no. Jan 15, 2013) was used for this study. The default 
costs in SAM are provided by NREL as a reasonable rough estimate of current costs for a system in the United 
States.  Costs in Canada are not expected to deviate significantly from those in the USA. Also, minor effort was 
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completed to optimize and or alter the design of all the two solar power systems. The nameplate capacity of all the 
systems were kept as provided in the SAM software. Therefore results of this initial technical and economical 
analysis should be considered preliminary and only useful for the purpose of a comparison between the two solar 
power technologies considered in the present study. However, conclusions found in this first analysis are not 
expected to change dramatically. LCOEs shown in figures 5 and 6 are reported as 2013 US dollars. 
The main default design parameters of both power systems considered for this study are those provided in SAM. 
They were not altered with the following exceptions: 
 For the case of parabolic trough with synthetic oil, a heat transfer fluid (HTF) capable of sustaining lower 
freezing point of about -37 ºC was considered for this analysis. The collector loop inlet/outlet temperature was 
also lowered to be consistent with the selected HTF.  
 For the case of molten salt power tower with storage, the minimum and maximum optimization tower heights 
were limited to 100 and 200m respectively. 
 
Figures 5 and 6 summarize the results of the impact when proven two-tank molten-salt storage is considered for 
CSP generation. These two figures are generated by varying the solar multiple and storage hours and selecting the 
conditions that provide the minimum LCOE. The first point in the x axis corresponds to the case when storage is not 
considered. 
 
 
Fig. 5. Levelised cost of parabolic trough system when considering Medicine Hat typical weather 
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Fig. 6. Levelised cost of molten salt power tower when considering Medicine Hat typical weather 
Results show that the cost of increasing the capacity factor slightly increases if at all for parabolic trough systems 
and actually improves for the case of molten salt power tower when size of the solar field, i.e., number of 
concentrating solar collector assemblies, and the size of the storage tanks increase. These results for the power tower 
with storage systems are consistent with Turchi et al 2010 [8].  
For the case of parabolic trough, the layout of the solar collectors is critical. North-south (azimuth=0) oriented 
collectors axis seems to perform well when there is no storage. When storage is considered, east-west axis collectors 
(azimuth=90) tracking the sun on the south horizon result in higher capacity factor.  
The capacity factors achieved by the two CSP systems with storage considered in this analysis are significantly 
higher than what is achieved for example by PV Cristal-silicon solar system under the same weather conditions.  
The impact of the cost of parabolic trough collectors and the power block, both which are a significant part of the 
system cost is also shown in both Figures 5 and 6. The molten salt power tower with direct storage and no power 
block, approximating the example case of solar-augment of natural gas combined cycle power plant, results in 
significantly lower LCOEs especially at the low end of the delivered capacity factor. 
4. Conclusions 
Up-to-date solar resource dataset for Canada has been developed. This hourly solar dataset on a 10km2 grid was 
produced using version number 3 of Perez’s State University of New York (SUNY) GOES satellite-based solar 
model. This latest SUNY model makes use of both visible and infra-red channels satellite imagery and is meant to 
correct for the winter bias that is experienced when using Version 1 of the SUNY model in particular during snow 
conditions and persistent cloud cover, so-called “Eugene syndrome”, which is important for the particular case of 
the Canadian weather. The solar resource data was uploaded to a geographic information system (GIS) and 
processed together with geospatial data from both NRCan’s Mapping Information Branch and NASA on built-up 
areas, water bodies, wetlands and land topography and slope. The result yields Canadian maps of DNI on land area 
2312   R. Djebbar et al. /  Energy Procedia  49 ( 2014 )  2303 – 2312 
that is potentially suited for the placement of CSP plants in Canada, which are presented in this paper. Results show 
that there is an adequate solar resource for CSP applications south of the Canadian Prairie Provinces, Alberta, 
Saskatchewan and Manitoba. Also, results of a high level assessment of the technical potential show that the CSP 
potential south Saskatchewan and Alberta is significant enough to justify the on-going comprehensive evaluation of 
the potential for CSP to Canada’s electricity generation mix, particularly for locations in Western Canada where 
there is a high direct beam solar resource. The southern regions of Alberta and Saskatchewan, both provinces rely 
heavily on fossil fuels for electricity generation, enjoyed a maximum solar resource up to 1900 kWh/m2/year on 
average during the past 14 years from 1998-2011. However most of this solar resource occurs outside the winter 
months.  
The SUNY model solar resource dataset, in combination with the other required weather data, were used to build 
Typical Meteorological Year hourly simulation input files for the Canadian locations of interest.  When considering 
two CSP proven technologies, parabolic trough and power tower with or without storage, preliminary results for the 
particular location of Medicine Hat-Alberta presented in this paper show that the levelised cost of conventional 
standalone CSP plants with boiler auxiliary back-up are still high enough, more than 30 cents/kWh, which makes it 
difficult to compete on the current Canadian electricity market. When the cost of the power block is ignored 
approximating the case of solar-augment of fossil-fuel fired power plants, such as Medicine Hat-Alberta integrated 
solar combined cycle (ISCC) project, results show that the solar LCOE is significantly lower than the LCOE 
obtained for standalone CSP plant with potential LCOEs less than 25 Cents/kWh as in the case of power tower with 
storage.  
Acknowledgements 
 Results presented in this paper were developed within the frame of Natural Resources Canada’s research 
activities funded by the Government of Canada both Clean Energy Fund and ecoENERGY Innovation Initiative. 
Contribution of Mr. Robert Morris for developing the Typical DNI Year input files in the required format for SAM 
technical and economic analysis is sincerely appreciated. 
 References 
[1] Richard Perez, Jim Schlemmer, Sergey Kivalov, Karl Hemker, Jr. , Antoine Zelenka (2010): Improving the performance of satellite-to-
irradiance models using the satellite’s infrared sensors. American Solar Energy Society – Proc. ASES Annual Conference, Phoenix, AZ, May 
2010 
[2] Dise J., A. Kankiewicz, J. Schlemmer, K. Hemker, Jr., S. Kivalov, T. Hoff, & R. Perez, (2013): Operational Improvements in the 
Performance of the SUNY Satellite-to-Solar Irradiance Model Using Satellite Infrared Channels. IEEE Transactions, (39th PV Specialists, 
Tampa, Florida, June 2013. 
[3] Gueymard C., and S. Wilcox, (2009): Spatial and temporal variability in the solar resource: Assessing the value of short-term measurements 
at potential solar power plant sites. Proc. ASES National Solar Conference, Buffalo, New York. 
[4] Reda Djebbar; Robert Morris, Didier Thevenard, Richard Perez, James Schlemmer., Assessment of SUNY version 3 global horizontal and 
direct normal solar irradiance in Canada, Energy Procedia 30 ( 2012 ) 1274 – 1283 
[5] Bravo, J.D., Casals,X.G.,Pascua,I.P.,2007. GIS approach to the definition of capacity and generation ceilings of renewable energy 
technologies. Energy Policy 35, 4879–4892. 
[6] Craig Turchi, Nicholas Langle, Robin Bedilion, Cara Libby. Solar-Augment Potential of U.S. Fossil-Fired Power Plants. Technical Report 
NREL/TP-5500-50597, February 2011. 
[7] Franz Trieb, Christoph Schillings, Marlene O’Sullivan, Thomas Pregger, Carsten Hoyer-Klick. Global Potential of Concentrating Solar 
Power., SolarPaces Conference, Berlin, September 2009. 
[8] Craig Turchi, Mark Mehos, Clifford K. Ho, Gregory J. Kolb. Current and Future Costs for Parabolic Trough and Power Tower Systems in the 
US Market., SolarPACES 2010, Perpignan, France, September 21-24, 2010. 
 
